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PERCUTANEOUS CORONARY ARTERY BYPASS 
THROUGH A VENOUS VESSEL 

BACKGROUND OF THE INVENTION 

The present invention generally deals with 
5 vascular bypass methods . More specif ically, the present 
invention deals with systems for performing percutaneous 
coronary artery bypass procedures. 

Coronary arteries can become partially 
restricted (stenotic) or completely clogged (occluded) 
10 with plaque, thrombus, or the like. This reduces the 
efficiency of the heart, and can ultimately lead to a 
heart attack. Thus, a number of different systems and 
methods have been developed for treating stenotic or 
occluded coronary arteries. 
15 two methods which have been developed to treat 

occlusions and stenosis include balloon angioplasty and 
pharmacological treatment. However, where the occlusion 
is quite hard, it can be quite difficult, if not 
impossible, to cross the occlusion with an angioplasty 
20 device. In addition, some coronary stenosis are to 
diffuse to treat effectively with balloon angioplasty. 
Unfortunately, such occlusions are not readily 
susceptible to dissolution with chemicals either. In 
the past, patients with these types of occlusions have 
25 been candidates for open heart surgery to bypass the 

restrictions . 

However, open heart surgery includes a myriad 
of disadvantages . Open heart surgery typically includes 
a great deal of postoperative pain. The pain is 
30 normally encountered because conventional open heart 
surgery requires that the sternum be cracked open, which 
is quite painful. Also, open heart surgery typically 
involves bypassing the occluded vessel, which, in turn, 
involves harvesting a vein from another part of the body 
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for use as the bypass graft. One common source for the 
bypass graft is the saphenous vein which is removed from 
the leg. Harvesting the saphenous vein requires the 
surgeon to cut and peel the skin back from an area of 

5 the leg which is approximately 18 inches long and which 
extends upward to the groin area. This can be very 
traumatic and painful. Further, open heart surgery 
requires quite a lengthy recovery period which involves 
an increase hospital stay, and, consequently, greater 

10 expense . 

Other than the pain and more lengthy hospital 
stay, open heart surgery involves other disadvantages as 
well. For example, during open heart surgery, it is 
common to cool the heart to a point where it stops. The 
15 blood from the remainder of the vasculature is then 
pumped through a pulmonary and cardiac bypass system. 
Any time the heart is stopped, there is a danger of 
encountering difficulty in restarting the heart (which 
is typically accomplished by warming the heart and 
massaging it) . Further, even if the heart is restarted, 
it sometimes does not return to a correct rhythm. Also, 
open heart surgery can require the use of a device known 
as a left ventricular assist device (LVAD) to 
supplementarily pump blood to relieve the burden on the 
heart. This allows the heart to heal. 

A significant reason that the heart is 
typically stopped during open heart surgery is that, if 
it were not stopped, the surgeon would be working in a 
dynamic environment . In such an environment , the target 
vessels and tissue to be treated are moving. Further, 
a system must be employed in such an environment to stop 
bleeding. Clinical studies indicate that, when blood 
flow is stopped using clamping devices and blood flow is 
diverted to a cardiac bypass system, a statistically 
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signif icant instance of neurological problems caused by 
blood clotting results. The use of mechanical clamps to 
stop blood flow, and the use of a mechanical bypass 
system, results in an approximate six percent instance 
5 of neurological problems, such as stroke, memory 

failure, etc. 

Given the difficulties of the techniques 
discussed above, another approach has been developed 
which does not require stoppage of the heart or an open 

10 chest during execution. This approach is to perform a 
bypass using a minimally invasive technique by entering 
the upper chest cavity, through a hole between ribs 
under visual observation. Such a technique is often 
referred to as minimally invasive direct coronary artery 

15 bypass (MIDCAB) (where the heart is not stopped) . or 
heart port (where the heart is stopped) . Such a system 
which is used to perform a bypass is disclosed in the 
Sterman et al . U.S. Patent No. 5,452,733. 

SUMMARY OF THE INVENTION 

20 The present invention relates to a system for 

bypassing a restriction in a parent vessel of a mammal 
via a venous vessel. In the system of the present 
invention, an adjacent venous vessel is fluidly coupled 
to a restricted artery distal of a restriction to 

25 provide blood flow through the artery distal of the 
restriction via the venous vessel. 

BRIEF DESCRIPTION OP THE DRAWINGS 

FIG. 1 illustrates a portion of a coronary 
vascular system with an artery having a restriction. 
30 FIG. 2 illustrates an embodiment of a bypass 

system of the present invention for bypassing a 
restriction in an artery. 
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FIG. 3 illustrates insertion of a guide device 
into the vascular system for performing a bypass 
according to the present invention. 

FIGS. 4A-4B illustrate formation of occlusions 
5 in a venous vessel according to an embodiment of the 
bypass system of the present invention. 

FIGS. 5A-5E illustrate insertion of a cutting 
device into the vascular system for performing a bypass 
according to an embodiment of the present invention. 
10 FIGS. 6A-6E illustrate insertion of a graft 

for performing a bypass according to an embodiment of 
the present invention. 

FIGS. 7A-7B illustrate an embodiment of a 
graft for providing a bypass conduit in accordance with 
15 an embodiment of the present invention. 

FIG. 8 illustrates a system for fusing a 
vessel graft to a restricted artery. 

FIGS. 9-10 illustrate embodiments of an 
inductive coil for heating a ring for fusing a vessel 
20 graft to a restricted artery. 

FIG. 11 illustrates an embodiment of an 
inductive coil for heating a ring for fusing a vessel 
graft to a restricted artery with a coolant delivery 
system shown in cross- section. 
25 FIG. 12 is a cross sectional view of a coolant 

delivery system. 

FIGS. 13A-13B illustrate an alternate 
embodiment of a bypass system according to the present 
invent ion . 

30 FIGS. 14A and 14B illustrate other alternate 

embodiments of a bypass system according to the present 
invention. 
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It should be noted that the drawings are not 
necessarily drawn to scale and certain portions have 
been exaggerated for clarity. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 FIG. 1 illustrates a portion of a vascular 

system 10. System 10 includes heart 12 , heart valve 14, 
coronary artery 16, aorta 18 and coronary vein 20. 
Coronary artery 16 includes restriction 22. Veins 20 
are arranged adjacent to coronary arteries 16. Coronary 
10 arteries 16 carry oxygenated blood to the heart tissue, 
while veins 20 carry blood which is charged with carbon 
dioxide back to the heart chambers for subsequent 
delivery to the lungs via the pulmonary artery. 

While restriction 22 is shown in FIG. 1 as 
15 being a total occlusion, restriction 22 can be any 
disease including complete occlusion, or simply a 
stenotic lesion. Since artery 16 is occluded oxygenated 
blood flow therethrough is restricted. The present 
invention relates to a bypass system for bypassing the 
20 restriction 22 in artery 16 by using vein 20 as a means 
for providing blood flow past the restriction 22 in 
artery 16. 

FIG. 2 illustrates one embodiment of the 
bypass system of the present invention. In the 

25 embodiment shown in FIG. 2, a bypass conduit 24 extends 
through a portion of vein 20 to couple a portion of the 
coronary artery 16 proximal to the restriction 22 to 
another portion of the coronary artery 16 distal of the 
restriction 22. The bypass conduit 24 includes opposed 

30 ends 25 and 26, and an inner lumen 28. Ends 25 and 26 
are secured to an inner wall of the coronary artery 16 
proximal and distal of the restriction 22, respectively. 
Blood flows from the coronary artery 16 through lumen '28 
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back into the coronary artery 16 to bypass restriction 
22 in artery 16, 

In one embodiment of the present invention, 
vein 20 includes proximal and distal occlusions 30 and 
5 32 for restricting the flow of blood through vein 20. 
The proximal and distal occlusions 30 and 32 may provide 
a total occlusion for blood flowing through vein 20, may 
be designed to partially occlude blood flow so that 
blood can continue to flow through vein 20, may be only 

10 temporary occlusions, or may be eliminated* In the 
embodiments in which flow is maintained through vein 20, 
the diameter of the bypass conduit 24 is sized smaller 
than the diameter of the vein 20 to provide area for 
blood to flow through vein 20 past the bypass conduit 

15 24, 

FIG. 3 illustrates a first portion of a 
procedure for deploying one preferred embodiment of the 
bypass system of the present invention. As illustrated 
in FIG. 3, a standard guide catheter 34 is first 
20 advanced through aorta 18 (preferably initially through 
a femoral artery and then through the systemic 
vasculature up to, and through, aorta 18) . In a 
preferred embodiment, a distal end 36 of guide catheter 
34 is positioned proximate an ostium 38 of artery 16. 
25 Guide devices 40a and 40b are inserted through 

the guide catheter 34 into coronary artery 16 to locate 
the restriction 22 for performing the bypass of the 
present invention. Guide device 40a locates a distal 
end of the restriction 22, and guide device 40b locates 
30 a proximal end of the restriction 22. The guide devices 
40a and 40b locate the restriction 22 for positioning 
occlusions 30 and 32 in vein 20 and for subsequent steps 
as are described in greater detail below. Preferably, 
guide devices 40a and 40b each include an elongated wire 
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42 and locating members 44 at the distal end of the wire 
42. Guide device 40a is inserted through the coronary 
artery 16 and across the restriction 22 to position 
member 44 distal of the restriction 22. Guide device 
5 40b is inserted through the coronary artery 16 to the 
restriction 22 to position member 44 proximal of the 
restriction 22. Preferably, radiopaque dye or contrast 
fluid is inserted into artery 16 and for locating 
restriction 22 and positioning the guide devices 40 and 
10 40b. 

Alternatively, a single guide device may be 
employed with multiple locating members 44 for locating 
the proximal and distal positions of the restriction 22. 
If a single guide device is employed, then the multiple 

15 locating members 44 must be spaced to locate both the 
proximal and distal sites of the restriction 22. The 
extent between the proximal and distal sites of the 
restriction may be observed by inserting radiopaque dye 
or contrast fluid into artery 16. In one embodiment of 

20 the invention, the locating members 44 may be radiopaque 
markers. Alternatively, the guide device may include a 
conductive wire or fiber having a plurality of sensors 
or receivers at a distal end of the wire as will be 
explained. 

25 Thereafter, as illustrated in FIGS. 4A-4B, the 

guide catheter 34, or another suitable catheter or 
conduit, is orientated within a coronary sinus to align 
a distal end 36 of the catheter with an ostium 46 of the 
vein 20 for advancing an occlusion forming device 50 

30 into the vein 20. The occlusion forming device 50 is 
. advanced through the vein 20 to form proximal and distal 
occlusions 30 and 32, proximal and distal of the 
restriction 22, as illustrated in FIGS. 4A-4B. As 
illustrated in FIG. 4A, first the device 50 is advanced 
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through the vein 20 to align the device 50 distal of the 
restriction 22 to form the distal occlusion 32. 
Thereafter, the occlusion forming device 50 is withdrawn 
proximally and aligned proximal to restriction 22 to 
5 form proximal occlusion 30. 

The occlusion sites are located in cooperation 
with the guide devices 40 inserted into artery 16 for 
identifying the position of the restrictions 22. 
Preferably, a distal end of the occlusion forming device 
10 50 includes locating member 52 for locating the distal 
end of the device 50 relative to restriction 22. In 
particular, locating member 52 is aligned with (or 
advanced distally relative to) locating member 44 of 
guide device 40a in artery 16 to locate device 50 
15 proximal of restriction 22 during formation of occlusion 
32. Locating member 52 is then aligned with (or moved 
proximal relative to) locating member 44 of guide device 
42b during formation of occlusion 30. As previously 
explained, locating members 52 and 44 may be radiopaque 
20 markers so that device 50 is moved under fluoroscopic 
observation for aligning the device 50 to form 
occlusions 30 and 32. Alternative to radiopaque 
markers, various transmitters may be included on the 
device 50 for cooperation with sensors or receivers on 
25 guide devices 40a and 40b. 

Preferably, the occlusion forming device 50 is 
simply a delivery catheter which is used to deliver 
coils, collagen, or another suitable material. As 
previously explained, the occlusion forming device 50 
30 may be designed to form a complete occlusion so that 
blood flow through the vessel 20 is completely arrested 
or a partial occlusion to provide limited blood flow 
through vessel 20. Occlusion forming device 50 may also 
be a balloon catheter or a plurality of balloon 
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catheters for forming temporary occlusions. In that 
case, one balloon is preferably positioned and inflated 
to form occlusion 3 0 , and another balloon is positioned 
and inflated to form occlusion 32. After occlusions 30 
5 and 32 are formed, the occlusion forming device 50 may 
preferably be withdrawn from the system 10 through guide 

catheter 34. 

Prior to proceeding with the method 
illustrated herein, the patient may be placed on full 

10 cardiopulmonary bypass and heart 12 is stopped. 
Alternatively, the heart need not be stopped if 
temporary occlusion devices are deployed in the artery 
16 arid vein 20 to stop blood flow in the relevant 
vasculature when incisions are made through the vascular 

15 walls. FIGS, 5A-5E illustrate a temporary occlusion 
device 70 having an elongated member 72, an inflation 
lumen 74 and proximal and distal balloons 76 and 78 
(shown deflated in FIG. 5A) . If vein 20 is not totally 
occluded by permanent occlusions 30 and 32, a similar 

20 occluding device can be employed in vein 20 during the 

incision process. 

The balloons 76 and 78 are spaced to be 
positioned proximal and distal of the incisions. In 
particular, balloon 76 is positioned proximal of the 
25 restriction 22 and of a proximal incision site and 
balloon 78 is positioned distal of the restriction 22 
and of a distal incision site. The balloons 76 and 78 
are retained in an expanded position during the cutting 
procedure, as illustrated later with respect to FIG. 5B. 
30 This serves to occlude vessel 16 after it has been 
severed. As shown, the occluding device 70 can be the 
same as the guide device 40 or may be a separate 
instrument independently inserted. Other systems and 
methods to halt blood flow when vessels are severed can 
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also be used. However, occluding balloons have a 
relatively low instance of emboli formation, and 
therefore have a lower instance of neurological problems 
which result from the formation of emboli than do other 
5 types of systems used to arrest blood flow. 

FIGS, 5A-5C illustrates the next steps for 
bypassing restriction 22 in accordance with a preferred 
embodiment of the present invention. As shown in FIG, 
5A, a cutting device 56 is inserted into artery 16 
10 through guide catheter 34 by aligning the distal end 36 
of the guide catheter 34 with the ostium 38 of artery 
16. Cutting device 56 is used to cut through the 
arterial wall and vein wall for connecting artery 16 and 
vein 20 proximal and distal of the restriction 22. 
15 The cutting device 56 is first inserted 

through artery 16 and advanced to the restriction 22 as 
shown in FIG. 5A. Preferably, the cutting device 56 
includes an elongate portion 58, and a distal tip 60, 
which includes a cutting needle 62 and a dilator sheath 
20 64. The elongate portion 58 includes a lumen for 
advancing the cutting device over a guide wire 66 
inserted into the restricted artery via guide catheter 
34. Needle 62 is used to make an incision, or aperture 
in the walls of vessels 16 and 20. Dilator sheath 64 is 
25 then advanced through the incision to open the incision 
for insertion of instruments therethrough. 

As progressively illustrated in FIGS. 5A-5E, 
the distal end 60 of the cutting device 56 is steered 
through the first incision made in the artery wall and 
30 vein wall proximal of the restriction 22. Balloon 76 
and restriction 22 occlude vessel 16 at the first 
incision site. Occlusions 30 and 32 occlude vein 20 at 
the first incision site. The cutting device 56 is 
advanced through vein 20 to a position distal of 
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restriction 22 in artery 20. Thereafter, a second 
incision is cut in the vein 20 and artery 16 distal of 
the restriction 22, Balloon 78 and restriction 22 
occlude vessel 16 at the second incision site. 
5 Occlusions 30 and 32 occlude vessel 20 at the second 
incision site. The cutting blade can be supported by an 
articulated catheter or elongate member so that it can 
be rotated by manipulation of the physician, in order to 
position the blade to cut through the vessel walls at 
10 the desired orientation. 

Locating techniques are used to position the 
cutting device 56 to make incisions in the arterial and 
venous walls proximal to and distal to restriction 22. 
As previously explained, guide devices 40a and 40b are 
15 initially inserted in artery for locating restriction 
22. The guide devices 40a and 40b may be formed of a 
conductive wire or fiber, which includes a plurality of 
sensors or locating members 44. The distal end of 
cutting device 56 is preferably provided with one or 
20 more locating members 82, such as a transmitter. In one 
preferred embodiment, transmitter 82 may include an 
ultrasound transmitter, radiof requency transmitter, a 
plurality of point light sources, a single intense point 
light source, or an electro-magnetic transmitter (such 
25 as where current is actively applied to a coil to induce 
a magnetic field thereabout) . Locating members 44 are 
suitable devices, such as sensors or receivers, which 
are compatible with transmitter 82 to receive or sense 
the signals provided by transmitter 82. 
30 For instance, where transmitter 82 includes an 

inductive magnetic coil, receivers 44 form a magnetic 
sensor array to receive the signals induced in the coil- 
When transmitter 82 includes an ultrasound transmitter, 
receivers 44 form an ultrasound imager so that the 
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relative positioning of receivers 44 and transmitter 82 
can be determined by the physician. When transmitter 82 
includes a single point light source, or an array of 
point light sources, receivers 44 are formed as an 
5 imaging fiber optic bundle which detect the light 
emitted by the light source or light sources forming 
transmitter 82. In addition, when transmitter 82 
includes an RF transmitter, for example, receivers 44 
are formed as a directional antenna. In any of the 
10 above cases, or similar cases, the relative position 
between transmitter 82 and receivers 44 can be 
determined for locating the cutting positions for the 
vein 20 and artery 16. It should be noted that the 
transmitter 82 can alternatively be located in the 
15 artery and the cutting device 56 may include receivers. 

In another preferred embodiment, location of 
various items within the vasculature is accomplished 
using a triangulation and coordinate mapping system. In 
that embodiment, a radio frequency (RF) emitter is 
20 placed in the heart, or in the vasculature near the 
heart. The RF emitter is preferably placed on a 
catheter or another device, the placement of which must 
be guided. A number of reference electrodes (or 
receivers) are placed on the outside of the body at 
25 various points on the chest and back. In the preferred 
embodiment, three reference receivers are placed on the 
exterior of the body, two on the chest on opposite sides 
of the heart and one on the back. The three receivers 
are used to triangulate on the RF transmitter located on 
30 the device within the vasculature. Three dimensional 
modeling can be used, along with known motion and 
analysis techniques to determine the placement and 
motion of the RF transmitter within the vasculature. 
Such a system can be used to obtain true position and 
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the relative positions of different objects in the 
vasculature. Of course, a higher frequency signal could 
also be used, and a similar device could be used in 
which magnetic sensing devices are employed. 
5 Thus, as described, the first incision 

position proximal to the restriction is located in the 
artery 16 via the transmitter 82 on the cutting device 
56 and sensors 44 on the guide device 40a. The first 
incision position of the venous vessel is located via 
10 transmitter 82 on the cutting device 56 and a locating 
device (not shown) inserted into the venous vessel . The 
second incision positioned in the vein 20 and artery 16 
distal to the restriction 22 are located via the 
transmitter 82 on the cutting device 56 and sensors 44 
15 on the guide device 40b. After the cutting device 56 
has cut incisions in the artery and vein both proximal 
and distal of the restriction 22, the cutting device 56 
is withdrawn as illustrated in FIG. 5E, preferably 
leaving wire 66 in place. While the cutting device 56 
20 is withdrawn, the inflated balloon 76 is either 
momentarily deflated to allow the cutting device 56 to 
be withdrawn or the balloon 76 is formed such that it 
need not be deflated at all. For instance, balloon 76 
may be formed with a passage therethrough which supports 
25 a guiding type catheter through which the cutting device 
56 and any other suitable devices are passed. In that 
case, the devices can be advanced through the guiding 
type catheter (and hence through balloon 76) without 

deflating balloon 76. 
30 In any case, a shunting graft 86 is then 

inserted as shown in FIGS. 6A-6D. Alternatively, graft 
86 can be inserted concurrently with the cutting device 
56. The shunting graft 86 is inserted via an introducer 
88 which is advanced over guide wire 66. The length of 
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10 



the graft 86 is preferably determined based upon a pre- 
procedure analysis of the restriction, via fluoroscopy 
or other means. A distal end of the graft 86 is 
removably secured to the introducer 88 and moveable 
therewith for insertion of graft 86- Introducer 88 
includes an elongated element 90, including a lumen for 
advancement over guide wire 66 and a tip 92. Introducer 
88 and graft 86 are advanced through vessels 16 and 20 
via guide wire 66 to position graft 86 as shown in FIG, 
6C. The introducer 88 may include a locating device of 
the type previously described for locating the graft 
relative to guide devices 40a and 40b. 

In a preferred embodiment, a body of the graft 
86 is preferably either a biologically compatible, 
15 artificial graft (such as PTFE material), or a section 
of a human vein, such as a saphenous vein graft. The 
graft 86 includes a pair of stents 94 and 96 at opposed 
ends for forming an anastomosis. Stents 94 and 96 are 
preferably formed of an expandable, woven, braided, or 
20 mesh material which can be selectively expanded to have 
a preselected or variable outer diameter which 
approximates the inner diameter of the vessel or 
aperture within which it is deployed. 

The ends of graft 86 are preferably attached 
25 to either the inner or outer surfaces of stents 94 and 
96. The connections between the stents 94 and 96 and 
the graft 86 can be accomplished in any number of 
suitable ways, such as through the use of an appropriate 
adhesive, such as weaving the stent directly into the 
30 graft material, such as by forming a frictional fit 
therebetween, or by utilizing another suitable 
connection mechanism as will be explained herein. 

Stents 94 and 96 are deployed to secure 
opposed ends of graft 86 to the artery wall. FIGS. 6D- 
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6E are detailed views illustrating deployment of stent 
94. In one preferred embodiment, a balloon catheter 
system 100 is used to deploy stents 94 and 96 . As 
illustrated in FIGS. 6D-6E, in one embodiment, the 
5 balloon catheter system 100 is integrally formed with 
the introducer 88 and is insertable therewith. The 
balloon catheter system 100 includes balloon 102 and a 
proximal balloon (which is not shown, and which deploys 
distal stent 96) and an inflation lumen 104. The 

10 balloons are placed such that, when properly deployed or 
expanded, distal balloon 102 lies within the interior of 
stent 94 and the proximal balloon (not shown) lies 
within the interior of stent 96. Alternatively, the 
balloon catheter system 100 can be formed independently 

15 of introducer 88, or separate balloon catheter systems 
100 may be used to deploy proximal and distal stents 96 
and 94* 

Once in place, the proximal and distal 
balloons are expanded. FIG. 6D illustrates distal 

20 balloon expanded to deploy or expand stent 94. The 1 
balloons are first inflated to expand stents 94 and 96 
to low pressure. The balloons are then expanded to such 
a degree that stents 94 and 96 expand radially outwardly 
so that the exterior of the stents 94 and 96 achieves an 

25 outer diameter which closely approximates the inner 
diameter of the vessel within which it is deployed. 
This causes a fractional fit between the outer surface 
of the stents 94 and 96 (or the ends of graft 86) and 
the inner surface of the lumens within which they are 

30 deployed. 

In addition, a suitable adhesive or glue can 
be applied to the stents 94 and 96 to further facilitate 
anastomosis in the vessels in which they are deployed. 
Alternatively, intraluminal suturing may be used to 
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secure the stents 94 and 96 to the arterial wall. 
Intraluminal suturing is described in greater detail in 
the following U.S. Patent Nos. 5,080,663 entitled SEWING 
DEVICE; 5,364,389 entitled METHOD AND APPARATUS FOR 
5 SEALING AND/OR GRASPING LUMINAL TISSUE; 5,545,171 
entitled ANASTOMOSIS CATHETER; and 5,591,179 entitled 
ANASTOMOSIS SUTURING DEVICE AND METHOD. Alternatively, 
mechanical hooks or metal clamps may be used to secure 
stents 94 and 96 within artery 16. 
10 Deployment of stents 94 and 96 releases graft 

86 from introducer 88 so that the introducer 88 may be 
withdrawn. After the stents 94 and 96 are deployed and 
secured to the artery wall proximal and distal of the 
restriction 22, balloons 102 are deflated as illustrated 
15 in FIG. 6E and the balloon catheter system 100 and 
introducer 88 are withdrawn from the patient through the 
guide catheter 34 and the anchored graft 86 remains in 
place. Thereafter, guide wire 66, guide devices 40a and 
40b, and occluding device 70 are withdrawn from the 
20 patient via guide catheter 34. Also, if occlusions 30 
and 32 are temporary, any temporary occlusion system can 
then be removed. Thereafter, guide catheter 34 is 
removed . 

In another embodiment of graft 86 as 
25 illustrated in FIGS. 7A-7B, ends of graft 86 include 
sheath 110. Stents 94 and 96 (stent 96 not shown in 
FIGS. 7A-7B) are each coupled to graft 86 via a sheath 
110. Sheath(s) 110 includes an inner surface 112, an 
outer surface 114 and a central portion 116 between the 
30 inner and outer surfaces 112 and 114. Preferably, inner 
surface 112 is impermeable to fluid flow, and outer 
surface 114 when rendered discontinuous or broken, is 
permeable to fluid flow. Central portion 116 between 
inner surface 112 and outer surface 114 contains either 
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a substance suitable to enhance anastomosis at that 
site, or another suitable drug. 

Once ends of graft 86 are suitably located in 
vessel 16, as illustrated in FIG. 7A, a balloon, similar 
5 to that previously described, is inflated in the 
interior of stents 94 and 96 to deploy stents 94 and 96. 
Thus, the sheath 110 expands radially outwardly such 
that the outer diameter of sheath 110 expands to a 
sufficient extent that it approximates the inner 
10 diameter of vessel 16, the outer surface 114 is 
preferably rendered discontinuous (or broken) to release 
the substance carried by intermediate region 116 of 
sheath 110. 

In one preferred embodiment, the substance 
15 contained by region 116 of sheath 110 includes an 
adhesive which immediately sets or cures with the 
passage of time once stents 96 and 94 are deployed in 
vessel 16 to enhance anchoring ends of graft 86 within 
vessel 16. Suitable adhesives are preferably 

20 bioadhesives such as fibrin glues commercially available 
under the tradenames Tisseel or Tissucol from Immuno, AG 
of Vienna, Austria; cyanacryolates commercially 
available under the tradenames Histoacryl, Bucrylate or 
Hexacryl; or Gelatin-Rocorcinol, formaldehyde, or mussel 
25 adhesive protein. In another preferred embodiment, 
growth factors or other biological substances are 
contained within sheath 110 which also enhance an 
anastomosis and healing in that region. 

It has also been found that some grafts tend 
30 to degenerate after approximately 10 years of use. 
Therefore, in accordance with one additional aspect of 
the present invention, the grafts are structurally 
reinforced with a mechanical outer shell to strengthen 
the graft. In one embodiment, the mechanical outer 
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shell is a sheath which is formed of, for example, woven 
Dacron, Gortex, or polyester. The sheath is preferably 
configured so that the vein graft can be passed through 
the sheath prior to deployment of the graft in the 
5 vasculature. Then, the reinforcing sheath is pulled at 
its opposite ends, in longitudinally opposing 
directions. This causes the woven sheath to tighten 
down around the outer surface of the vein graft and 
thereby reinforce the vein graft. 
10 In another embodiment, the vein graft is 

wrapped with a material which strengthens the vein 
graft. In one embodiment, the vein graft is wrapped 
with, for example, hook and loop tape (such as Velcro 
tape) wherein the hooks on the hook and loop tape engage 
15 the adventitious layer of the vein graft. The hook and 
loop tape can be any suitable fabric backed microhoop 
strip which has hooks suitable for engaging the 
adventitious layer on the exterior of the vessel wall. 
Ultrasound is preferably used to measure the size of the 
20 vein and to adjust the tension in the reinforcement 
layer such that the interior of the reinforcement layer 
closely approximates the exterior dimension of the vein 
graft . 

As previously explained, graft 86 may be a 
25 human vein, such as a saphenous vein graft or another 
type of graft. FIGS. 8-11 illustrate alternate 
embodiments of a system for attaching vein graft 86 to 
vessel 16 and/or vessel 20. The system involves fusing 
the vein graft 86 to the receiving vessel, such as 
30 vessel 16, by heating adjacent boundary layers of the 
vein graft 86 and vessel 16 via an inductive heat 
source. 

As shown in FIG. 8, the incision formed in 
vessel 16 by a cutting device includes an opened flap 
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formed by a cut portion of the vessel wall. Ends of the 
vein graft 86 include a steel ring 120 disposed about 
the outer perimeter of an attachment portion of the vein 
graft 86. Vein graft 86 is inserted through vessel 16 
5 to align the ends of the vein graft 86 with the opened 
flap of vessel 16. An. inductive heating device 122 is 
positioned relative to graft 86 to induce current in 
rings 120 at the end of the vein graft 86 to heat ring 
120 to fuse graft 86 and vessel 16. The inductive 
10 heating device preferably includes an inductive coil 124 
coupled to an RF generator 126. The coil 124 is aligned 
with rings 120 and RF energy is supplied to coil 124 to 
induce a current in rings 120 to heat the boundary 
layers of graft 86 and vessel 16 to fuse graft 86 and 
15 vessel 16. 

. A catheter device 128 is used to facilitate 
insertion and positioning of the proximal and distal 
ends of the vein graft relative to the vascular region 
to be treated. The catheter device 128 preferably 
20 includes a balloon 130 which is inflated to secure the 
end of the vein graft 86 relative to the incision flap 
in vessel 16 . Heating coil 124 may be inserted with 
catheter device 128 or separately inserted from catheter 
device 128 and graft 86. The distal end of the vein 
25 graft 86 may be coupled to catheter device 128 for 
insertion similar to introducers previously described. 
Ring 120 is permanently implanted and premounted on 
graft 86 for fusing and is formed of a biocompatible 
material. Preferably, ring 120 is formed of a solid 
30 stainless steel material to induce a current for fusing. 

FIGS. 9-12 illustrate alternate embodiments of 
coil 124. As shown in FIG. 9, one embodiment of coil 
124a is preferably formed of dual tubular members 132, 
134 extending in essentially parallel relation and 



WO 98/57592 



PCTAJS98/12107 



-20- 

coupled at their distal ends to form a continuous 
essentially "U" shaped circuit. Coil 124 is preferably 
integrally formed as a unitary member. The tubular 
members 132 and 134 define an elongated conductive 
5 portion 136 and an inner conduit 13 8. Terminals of a 
frequency generator 126 are coupled to proximal ends of 
tubular members 132 and 134 to provide an RF signal 
through members 132 and 134. A distal end of the coil 
124a includes shield 139. The distal end of the coil 
10 124a is aligned relative to ring 120 of a vessel graft 
86 and a vessel to be fused and RF generator 126 
supplies current to coil 124a to induce a current in 
ring 120. 

A coolant source 140 is coupled to conduit 13 8 
15 to provide coolant fluid along the length of coil 124a. 
Coolant is pumped into and through continuous conduit 
138 and discharged from conduit 138 at the proximal end 
of the coil 124a. In particular, coolant is pumped into 
conduit 138 formed by member 132 and discharged from 

20 conduit 138 formed by member 134. Coolant is inserted 
through members 132, 134 to remove heat generated at the 
coil/vessel interface to limit tissue temperature 
increase along coil 124 to maintain a healthy vessel. 
The coolant may be a saline or other suitable solution. 

25 Discharged coolant may be recycled to the coolant 
supply . 

FIG. 10 illustrates another alternate 
embodiment of coil 124b similar to coil 124a of FIG. 10, 
where like numbers are used to identify like parts. The 
30 design of the distal end of the coil 124b differs from 
coil 124a and includes a spiral shaped extent at the 
distal end, which wraps around one of the elongated 
tubular members 132 to define a radiative end. The 
radiative end is positioned relative to ring 120 for 
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inducing a current in ring 120 for fusing the vessel 
graft 86 to the restricted vessel 16. 

FIG. 11 illustrates an alternate embodiment of 
a coolant delivery system which is external to coil 124 . 
5 Although, coil 124b is shown in FIG. 11, use of the 
external coolant delivery system is not limited to coil 
124b. Thus, conduit 138 of coil 124b is not used for 
coolant delivery. The coolant delivery system is formed 
of a separate catheter 142 having a fluid inlet 144 and 
10 a fluid outlet 146. Coil 124 is housed in a lumen of 
catheter 142 and coolant is delivered from a coolant 
source 140 to fluid inlet 144 for cooling coil 124 in 
the lumen of the catheter 142. Coolant is cycled along 
the length of the catheter 142 and coil 124 and 
15 discharged from catheter 142 at outlet 146. 

FIG. 12 is a cross -sectional view of an 
embodiment of a separate coolant delivery system which 
includes an elongated multilumen catheter. The 
multilumen catheter includes a delivery lumen 150, a 
20 discharge lumen 152 and a central lumen 154. Coil 124 
is inserted and housed in the central lumen 154 . 
Coolant is pumped into the delivery lumen 150. Delivery 
lumen 150 and discharge lumen 152 are f luidly coupled at 
the distal end of the catheter so that fluid flowing 
25 through the delivery lumen 150 is discharged through the 
discharge lumen 152. In particular, delivery lumen 150 
and discharge lumen 152 are formed via wall or section 
156 which extends from the circular wall of the catheter 
along the length of the catheter to a distance spaced 
30 from the distal end of the catheter to provide flow 
space between the delivery lumen 150 and the discharge 
lumen 152 at the distal end of the catheter. Thus, as 
described, vessel graft 86 is fused to a restricted 
vessel . 
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FIGS. 13A-13B illustrate an alternate 
embodiment of a bypass system of the present invention. 
As shown, the bypass system includes a conduit 200 which 
extends through apertures in the venous vessel 20 and 
5 arterial vessel. 16 distal of the restriction 22. Thus, 
blood flow is provided in the restricted artery 16 
distal of the restriction 22 via blood flow from the 

venous vessel 20. 

In particular, blood flow in the venous vessel 
10 20 flows to the heart as illustrated by arrow 202 and 
blood flow in artery 16 flows from the aorta 18 as 
illustrated by arrow 204. Venous vessel 20 includes a 
restriction 206 proximal of the restriction 22 in artery 
16. Thus, blood flow through the venous vessel 20 to 
15 the heart 18 is occluded so that blood from the venous 
vessel 20 is directed from the venous vessel 20 through 
conduit 200 to the restricted artery distal 16 of the 
restriction 22. Thus, blood is supplied to the 
restricted artery 16 via the venous vessel 20. 
20 Conduit 200 and restriction 206 are formed in 

a manner similar to that described for the embodiment 
illustrated in FIG. 2. The restriction 22 is located by 
inserting a guide device 40 into the artery 16. 
Thereafter a cutting device 56 is used to form apertures 
25 in the venous wall and artery wall distal of the 
restriction 22. The cutting device 56 may be inserted 
into the venous vessel 20 (and not the arterial vessel 
16) since only one aperture is formed distal of the 
restriction . 

30 Thereafter a graft 86 forming conduit 200 is 

inserted through the apertures via an introducer 88 
inserted through venous vessel 20. A first end of the 
graft includes a stent and is secured to the arterial 
wall in a manner similar to that described for securing 
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10 



stent 94 in FIGS. 6C-6E. An annular ring 208 is formed 
by a second opposed end of the graft. The annular ring 
208 is sutured such as by stitches 210 to the venous 
wall by a suturing process, previously described. 

After the conduit 200 connects the venous 
vessel 20 to the arterial vessel 16, an occlusion 
forming device 50 is inserted into the venous vessel to 
form the proximal occlusion 206 for directing blood flow 
from venous vessel 20 through conduit 200 as illustrated 
by arrow 212. It should be understood that the 
procedure for performing the bypass of FIGS. 8A-8B is 
not limited to that described and that the cutting 
device may form apertures as well as provide a device 
for positioning the graft to form conduit 200 as 
15 described. 

FIG. 14A illustrates yet another embodiment in 
accordance with the present invention. In FIG. 14A, 
rather than using one stent graft to bypass restriction 
22 in artery 16, a pair of separate grafts are used. 
20 FIG. 14A illustrates deployment of a proximal graft 214 
which f luidly couples the interior or a proximal portion 
of artery 16 with the interior of vein 20. FIG. 14A 
also shows a distal graft 216 which couples the interior 
portion of vein 20, distal of graft 214, with a portion 
25 of artery 16 distal of restriction 22. The apertures 
formed in the walls of vessels 16 and 20, and the 
deployment of grafts 214 and 216 is similar to that 
shown with respect to FIGS. 4A-6E. 

FIG. 14B shows yet another embodiment 
according to the present invention. FIG. 14B 
illustrates a pair of grafts or conduits which are used 
to bypass restriction 22 in artery 16, A proximal 
conduit 218 is provided which has a pair of annular rims 
220 and 222. The annular rims are attached to a graft 
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material 224 which extends therebetween. Annular rims 
220 and 222 are secured to the lumen walls of vessel 16 
and 20, respectively, in a fashion similar to that shown 
in FIG. 8B. 

5 Distal conduit 226 is also illustrated in FIG. 

14B. Distal conduit 226 is similar to proximal conduit 
218, and includes two annular rims 228 and 230 which are 
connected to a graft material 232. Also, in the 
embodiment shown in FIG. 14B, the vessel 20, itself, and 
10 without any graft running therethrough, forms the bypass 
around restriction 22. Therefore, FIG. 14B illustrates 
occlusions 30 and 32 to preclude drainage flow through 
vein 20. 

Thus, the present invention involves a system 
15 by which coronary artery bypass procedures can be 
executed substantially percutaneously and 
transluminal^. This serves to significantly reduce the 
disadvantages associated with prior treatment 
techniques . In the embodiment in which a venous vessel 
is used to form the conduit providing blood flow, the 
present invention eliminates half of the intraluminal 
connections required in a typical graft procedure. 
Further, since the present invention utilizes a venous 
vessel, it is relatively easy to occlude blood flow in 
25 the relevant vasculature (i.e., in the venous 
vasculature and the occluded vasculature). This 
occlusion is relatively easy as opposed to the necessity 
of occluding blood flow throughout the entire aorta in 
systems which provide a graft directly from the aorta. 
30 Also, while the present invention has been 

described with respect to coronary arteries and 
associated veins, it can be employed in any suitable 
artery and vein. 



20 
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Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
5 the spirit and scope of the invention. 
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WHAT IS CT AIMED IS: 

1 # A method of bypassing a restriction in a 

restricted artery of a mammal, comprising: 

coupling the restricted artery, distal of the 
restriction, to a venous vessel to 
provide blood flow through the artery 
distal of the restriction via the venous 
vessel . 

2. The method of claim 1 further comprising: 

intraluminal ly accessing a venous vessel to 

provide a restriction for altering blood 
flow through the venous vessel. 

3. The method of claim 1 wherein the venous 
vessel is coupled to the restricted artery via a conduit 
and the method comprises: 

forming apertures through the venous vessel 
and the restricted artery at a desired 
location; 

intraluminal ly inserting the conduit through 
the apertures in the venous vessel and 
the restricted artery; and 

permanently securing the conduit to provide a 
conduit for coupling the restricted 
artery to the venous vessel. 
4. The method of claim 1 wherein the method 

comprises : 

forming apertures in the restricted artery 
and venous vessel proximal and distal of 
the restriction; and 

coupling the restricted artery to the venous 
vessel proximal and distal of the 
restriction through the apertures. 
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5 . The method of claim 4 wherein the venous 

vessel is coupled to the restricted artery via a conduit 
and the method comprises: 

intraluminally inserting the conduit through 
the apertures in the restricted artery 
and venous vessel proximal of the 
restriction; 
intraluminally inserting the conduit through 
the apertures in the restricted artery 
and venous vessel distal of the 
restriction; and 
permanently securing the conduit for coupling 
a portion of the restricted artery 
proximal of the restriction to a portion 
of the restricted artery distal of the 
restriction. 

6. The method of claim 5 wherein the method 

comprises : 

providing a conduit having sufficient length 
to extend through the apertures in the 
restricted artery and venous vessel and 
through the venous vessel a sufficient 
distance to bridge the distance between 
the apertures in the venous vessel 
distal of, and proximal of, the 
restriction; 

intraluminally inserting the conduit through 
the restricted artery to the aperture in 
the restricted artery proximal of the 
restriction; 

inserting the conduit through the apertures 
in the restricted artery and venous 
vessel proximal of the restriction; 
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advancing the conduit through the venous 
vessel to the aperture in the venous 
vessel distal of the restriction; 
inserting the conduit through the aperture in 
the venous vessel and the aperture in 
the restricted artery distal of the 
restriction; and 
permanently securing the conduit to the 
restricted artery to provide a permanent 
conduit that bypasses the restriction. 
7. The method of claim 6 wherein the conduit is 

formed of a graft having first and second opposed ends 

i 

wherein the method comprises: 

suturing the first end of the graft to the 
restricted artery proximal to the 
restriction; and 
suturing the second end of the graft to the 
restricted artery distal of the 
restriction. 

8 , The method of claim 6 wherein the conduit is 

formed of a graft having first and second opposed ends 
wherein the method comprises: 

providing first and second stents at the 

first and second opposed ends of the 

graft ; and 

deploying the stents to permanently secure 
the graft to the restricted artery. 
9# The method of claim 6 wherein the conduit is 

formed of a graft having first and second opposed ends 
wherein the method comprises: 

providing an adhesive at the first and second 
opposed ends of the graft; and 



WO 98/57592 



PCT/US98/12107 



-29- 

adhesively securing the first and second ends 
of the graft to attach the first and 
second ends to the restricted artery. 
10. The method of claim 6 wherein the conduit is 

formed of a graft having first and second opposed ends 
wherein the method comprises: 

providing a multilayer construction at 
opposed first and second ends of the 
graft, the multilayer construction 
including an inner impermeable layer, an 
intermediate layer including a 
releasable material and an outer 
expandable layer; and 
radially expanding the multilayer 
construction to secure opposed ends of 

* 

the graft to a vessel wall. 
11. The method of claim 3 wherein the method for 

forming apertures through the venous vessel and the 
restricted artery comprises : 

providing a locating device for locating the 

restriction in the restricted artery; 

and 

providing a cutting device including a 
cutting member for forming apertures in 
the vessel walls, said device including 
a locating device for positioning the 
cutting device relative to the 
restriction. 

12. The method of claim 3 wherein the method for 

forming apertures through the venous vessel and 
restricted artery comprises: 

occluding the respective vessel prior to 
forming an aperture therethrough. 
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13. A method of bypassing a restriction in an 

arterial vessel of a mammal, the method comprising: 

intraluminal ly advancing a cutting device and 
positioning the cutting device at a 
first cutting position proximal of the 
restriction; 
forming apertures in the arterial vessel and 
in a closely proximate venous vessel 
with the cutting device at the first 
cutting position; 
advancing the cutting device through the 
venous vessel to a second cutting 
position distal of the restriction; 
forming apertures in the arterial vessel and 
venous vessel with the cutting device at 
the second cutting position; and 
intraluminally positioning a conduit to 
extend through the apertures in the 
arterial vessel and venous vessel 
proximal and distal of the restriction. 

14. The method of claim 13 further comprising: 

intraluminally accessing the venous vessel to 

provide a permanent restriction for 
altering blood flow through the venous 
vessel . 

15 . The method of claim 13 wherein the method 
comprises : 

intraluminally advancing the cutting device 

through the arterial vessel to the first 

cutting position; and 
intraluminally advancing the cutting device 

through the venous vessel to the second 

cutting position. 
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16 . The method of claim 13 wherein the method 
comprises : 

restricting the blood flow proximal and 
distal of the first and second cutting 
positions in the arterial vessel. 

17. The method of claim 13 wherein the method 
comprises: 

restricting the blood flow proximal and 
distal of the first and second cutting 
positions in the venous vessel. 

18 . The method of claim 16 wherein the method for 
restricting blood flow in the vessel comprises: 

providing at least one balloon; 
inserting the balloon into the vessel; 
positioning the balloon to restrict blood 
flow; and 

inflating the balloon prior to forming an 
aperture ♦ 

19. The method of claim 13 wherein the method 
comprises : 

withdrawing the cutting device after forming 

apertures at the first and second 

cutting positions; 
intraluminal ly advancing the conduit through 

the arterial vessel to the first cutting 

position; 

advancing the conduit through the apertures 

at the first cutting position into the 

venous vessel; 
advancing the conduit through the venous 

vessel to the second cutting position; 

and 
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advancing the conduit through the apertures 
at the second cutting position into the 
arterial vessel. 

20. The method of claim 13 wherein the conduit is 
inserted concurrently with the cutting device for 
placement of the conduit . 

21. The method of claim 13 comprising: 

providing a locating device coupled to the 

cutting device; 

providing a locating device in the arterial 
vessel for locating the restriction; and 

positioning the cutting device via the first 
and second cutting positions via 
cooperation of the locating device on 
the cutting device and the locating 
device for locating the restriction. 

22. The method of claim 21 wherein the locating 
devices comprise an emitter and a sensor, said sensor 
being coupled to the cutting device and the emitter 
locating the restriction in the arterial vessel. 

23. The method of claim 21 comprising: 

providing a locating device in the venous 

vessel; and 
guiding the cutting device through the 
aperture in the arterial vessel at the 
first cutting position to the venous 
vessel via the locating device on the 
cutting device and the locating device 
in the venous vessel. 

24. the method of claim 1 comprising: 

advancing a cutting device through the venous 

vessel to a cutting position distal of a 
restriction in an arterial vessel; and 
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forming apertures through the venous vessel 
and arterial vessel distal of the 
restriction for coupling the venous 
vessel to the arterial vessel. 

25. The method of claim 24 wherein the cutting 

device is advanced through an ostium of the 
venous vessel to the cutting position. 

26. The method of claim 24 comprising: 

forming an occlusion in the venous vessel 
downstream of the apertures through the 
arterial vessel and the venous vessel to 
restrict blood flow through the venous 
vessel . 

27. The method of claim 1 wherein the venous 
vessel is coupled to the restricted artery via a vessel 
graft and the method for securing the graft to the 
restricted artery comprises: 

positioning a conductive ring about an 
attachment portion of the vessel graft 
prior to intraluminal ly inserting the 
graft ; 

forming apertures through the venous vessel 
and the restricted artery at a desired 
location; 

intraluminally inserting the vessel graft to 
align the attachment end relative to the 
aperture of the restricted artery; and 
heating the conductive ring to fuse the 
attachment of the vessel graft to the 
restricted artery. 
28. The method of claim 27 wherein heating 

comprises inducing a current in the conductive ring by: 

providing an inductive coil; 
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intraluminally inserting the inductive coil 
and advancing the inductive coil for 
alignment with the conductive ring at 
the attachment portion of the vessel 
graft; and 

supplying a signal to the coil for inducing a 
current in the conductive ring. 

29. The method of claim 28 wherein a radio 
frequency generator is coupled to the inductive coil for 
providing a signal. 

30. The method of claim 28 and further comprising: 

supplying a coolant solution to the inductive 

coil while supplying the signal. 

31. The method of claim 30 wherein the method for 
providing the coolant solution comprises: 

providing a coolant delivery system including 
a delivery conduit coupled with the 
coil; 

supplying coolant through the delivery 
conduit to cool the coil; and 

providing a discharge conduit for discharging 
fluid from the delivery conduit. 

32. The method of claim 31 wherein the inductive 
coil is formed of hollow tubular members coupled 
together at a distal end thereof, the tubular members of 
the inductive coil defining the delivery conduit and 
discharge conduit of the coolant delivery system. 

33. The method of claim 31 wherein the coolant 
delivery system and inductive coil are separately 
formed . 
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